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Fast Micro-Tomography 
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Beamline	
  and	
  Detector	
  
  2-­‐BM	
  
  pco.dimax	
  (36GB	
  of	
  onboard	
  RAM)	
  
  2K	
  X	
  2K	
  @	
  16-­‐bits	
  

	
  

Tomography	
  Dataset	
  
  Projec/ons	
  around	
  180	
  degrees	
  
  ~1,500	
  FPS	
  
  A	
  few	
  seconds	
  of	
  data	
  collec/on	
  
  ~1	
  minute	
  readout	
  
  Up	
  to	
  11GB	
  raw	
  data	
  per	
  minute	
  

	
  

Reconstruc;on	
  
  Takes	
  ~5	
  minutes	
  
  Reconstructed	
  data	
  ~22GB	
  

Keith	
  Chang	
  (Penn	
  State	
  College	
  of	
  Medicine)	
  



X-ray Photon Correlation Spectroscopy 

Beamline	
  
  8-­‐ID	
  
  Kine/cs	
  measurements	
  
	
  
XPCS	
  Data	
  
  2D	
  images	
  over	
  /me	
  
  A	
  few	
  minutes	
  to	
  collect	
  
  Varies	
  from	
  0.5GB	
  to	
  50GB	
  
	
  
Reduc;on	
  
  Mul/-­‐tau	
  autocorrela/on	
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APS Average Data Rate 

Cumula;ve	
  typical	
  data	
  volume	
  at	
  present:	
  112	
  TB/month	
  
Cumula;ve	
  maximum	
  data	
  volume:	
  368	
  TB/month	
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User	
  Visits\Year	
  

22,686	
  

Experiments
\Year	
  

4,867	
  

Publica;ons\Year	
  

1,500	
  

User\Year	
  

5,660	
  

Offsite	
  



Goals / Constraints 

Goals	
  
  Store	
  detector	
  data	
  temporarily	
  
  Reduce	
  (analyze)	
  data	
  aFer	
  acquisi/on	
  
  Keep	
  data	
  for	
  some	
  moderate	
  amount	
  of	
  /me	
  
  Facilitate	
  ability	
  of	
  users	
  to	
  take	
  their	
  data	
  home	
  
	
  
Constraints	
  
  Acquisi/on	
  must	
  be	
  as	
  robust	
  as	
  possible	
  
  Ins/tu/on	
  policy	
  (e.g.	
  firewalls,	
  ownership,	
  etc.)	
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Beamline	
  
Acquisi/on	
  
Computer	
  

dserv	
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  Firewall	
  

External	
  GO	
  Endpoint	
  

Globus	
  



Workflow Pipeline 

  Series	
  of	
  actors	
  connected	
  by	
  message	
  queues	
  
  Stage	
  

–  Acquisi/on	
  
–  Run	
  data	
  analysis	
  
–  Transfer	
  files	
  
–  Many	
  languages:	
  C++,	
  Java,	
  Python	
  

  Message	
  queues	
  
–  Pass	
  messages	
  from	
  one	
  actor	
  to	
  the	
  next	
  
–  JMS	
  message	
  queues	
  (Ac/veMQ)	
  

Three-­‐Way	
  Mee/ng	
  -­‐	
  1	
  August	
  2013	
  

9	
  

stage	
   stage	
   stage	
  
queue	
  queue	
  



Pipeline Stages 

Stages	
  are	
  composed	
  of	
  two	
  separate	
  
classes:	
  
  Director	
  	
  

–  interface	
  with	
  the	
  message	
  broker	
  
  Actor	
  

–  run	
  scan	
  /	
  analysis	
  /	
  file	
  transfer	
  
–  save	
  results	
  
–  report	
  status	
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Director	
  

Actor	
  

Pipeline	
  Stage	
  

Run	
  Ac/on	
  

Message	
   Message	
  



Director 

  Broker	
  interface	
  
  Handle	
  job	
  messages	
  
  Control	
  messages	
  

  Update	
  history	
  
  Maintain	
  provenance	
  
  Execute	
  Actor	
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JMS	
  Job	
  Message	
  
Consumer	
  

JMS	
  Job	
  Message	
  
Producer	
  

JMS	
  Control	
  
Topic	
  Consumer	
  

JMS	
  History	
  
Message	
  Producer	
  

Update	
  HDF5	
  
provenance	
  

Director	
  

Execute	
  Actor	
  

queue	
  

queue	
  queue	
  

topic	
  



Actor 

  Actor	
  
–  Called	
  by	
  Director	
  
–  Abstract	
  interface	
  for	
  concrete	
  

implementa/on	
  
–  Execute	
  job	
  /	
  analysis	
  
–  Report	
  status	
  
	
  

  Analysis	
  
–  External	
  applica/on	
  
–  Internal	
  code	
  
–  Read	
  input	
  data	
  from	
  HDF5	
  
–  Write	
  output	
  data	
  to	
  HDF5	
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Actor	
  

Status	
  execute(inputURI,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  outputURI)	
  

Status	
  abort()	
  

HDF5	
   HDF5	
  Do	
  Analysis	
  

Report	
  Status	
  

Analysis	
  

inputURI	
  
hdf5Entry	
  

outputURI	
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acquisi/on	
   transfer	
   mul/-­‐tau	
  

queue	
  queue	
  

Java	
  /	
  Hadoop	
  
10	
  Node	
  Cluster	
   Python	
  

error	
  fit	
  

queue	
  

GridFTP	
  SPEC	
  



Use Case: Tomography 
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transfer	
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queue	
  queue	
  

Detector	
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User Access to Data 
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Globus Online 
 

  Provides	
  access	
  to	
  APS	
  data	
  from	
  the	
  outside	
  
  Used	
  by	
  many	
  user	
  facili/es	
  and	
  supercompu/ng	
  

centers	
  
  Op/mized	
  bandwidth	
  u/liza/on	
  for	
  faster	
  transfers	
  
  www.globusonline.org	
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Globus Online 
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User / Scientist Perspective 
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Laboratory	
  Microscope	
  Data	
   Synchrotron	
  Derived	
  Data	
  

Publica;on	
  
  Mul/ple	
  figures	
  
  Different	
  types	
  of	
  data	
  



User / Scientist Perspective 
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Normalize	
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Synchrotron	
  Derived	
  Data	
  

Process	
  of	
  analyzing	
  data	
  
generates	
  new	
  knowledge	
  
and	
  data	
  (and	
  metadata).	
  

Even	
  a	
  single	
  figure	
  with	
  
synchrotron	
  data	
  may	
  
have	
  data	
  from	
  mul/ple	
  
facili/es.	
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  Bridge	
  across	
  mul/ple	
  Globus	
  Online	
  
endpoints	
  

  User	
  builds	
  meaningful	
  metadata	
  catalogs	
  
  Not	
  a	
  facility-­‐centric	
  perspec/ve	
  of	
  data	
  



Globus Online Catalog 
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  Pilot	
  techniques	
  at	
  the	
  APS	
  
  Push	
  data	
  to	
  user	
  specified	
  catalog	
  at	
  

end	
  of	
  acquisi/on	
  
  Read	
  data	
  to	
  a	
  catalog	
  when	
  selected	
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